We analyze the status of numerical simulation of QCD at finite temperature. Emphasis is put on quantitative predictions emerging from lattice calculations that may be tested in heavy ion experiments. Recent results on the chiral phase transition, thermodynamics of the quark gluon plasma phase and various screening lengths are discussed.
Introduction
At the first Quark-Matter conference in 1982 [1] , results from Monte Carlo simulations of QCD, which we now would call first exploratory studies, have been discussed enthusiastically. They revealed the possibility that the creation of a quark-gluon plasma in heavy ion collisions is within reach of present days accelerator technology. Since then we learned a lot about the inherent problems of lattice simulations. Finite size effects, critical slowing down and violations of asymptotic scaling forced us to investigate larger lattices. However, also simulation techniques have improved steadily and efficient algorithms for the incorporation of light dynamical fermions have been developed. Thus much progress has been made since then.
During this year Quark-Matter Conference first experimental results from the CERN heavy-ion experiments will be presented [2] . This is the first step in an extensive search for a new phase of strongly interacting matter predicted by QCD. From lattice gauge theory we expect to obtain quantitative predictions for the critical parameters of the phase transition to the quark-gluon (QG) plasma as well as a deeper understanding of the non-perturbative aspects of this new phase. Unfortunately, lattice simulations are still * Presented at the 6th International Conference on Ultra-Relativistic Nucleus-Nucleus Collisions -Quark Matter 1987, 24-28 August 1987, Nordkirchen, Federal Republic of Germany restricted to the finite temperature (T), vanishing chemical potential (#) sector of the QCD. The problems in simulating systems with non-zero baryon number density have not yet been overcome [3] . However, for T~e0, #--0 we have now accurate results for the critical parameters of the phase transition in the pure gauge sector [4] [5] [6] . Simulations with dynamical fermions have reached a stage where large scale projects lead to first quantitative results for QCD with "nearly" massless quarks [-7-12] . These simulations give strong evidence for the existence of a first order chiral phase transition in QCD. Moreover, the critical temperature shows similar behaviour as in the pure gauge sector. This leads us to hope that the presence of dynamical fermions will not alter completely the picture gained from the analysis of the pure gauge sector.
From an analysis of global thermodynamic observables like energy density and pressure, we hope to get insight into the basic properties of the QCD plasma phase. These quantities are important to judge the initial energy density needed in a heavy ion collision to create a QG plasma in a small space volume. Moreover, lattice simulations allow to study non-perturbative aspects of the high temperature plasma phase through the analysis of various screening lengths [13] [14] [15] [16] . In particular, a quantitative understanding of Debye screening in the quark-gluon plasma the discussion of heavy quark bound state suppression as a signal for plasma formation [17] .
In the following we will discuss the present status of the quantitative analysis of these observables. In the next section we review results for the critical temperature both in the pure gauge sector as well as in the presence of dynamical fermions. In Sect. 3, we will discuss perturbative, as well as non-perturbative, aspects of the equation of state in the plasma phase. Section 4 is devoted to a discussion of screening lengths in the quark-gluon plasma. Our conclusions are given in Sect. 5.
QCD phase diagram at finite temperature
The existence of a phase transition in QCD from a low temperature confining phase with spontaneously broken chiral symmetry to a high temperature deconfined, chiral symmetric phase is one of the fundamental predictions of QCD. In fact, the existence of such a phase transition has been proved rigorously on the lattice [-18, 19] . The bounds on the transition temperature, however, are weak and an infinite temperature in the continuum limit is not excluded by these proofs. A quantitative determination of the transition temperature has to rely on Monte Carlo simulations. To this extent, one analyzes the symmetry properties of the QCD action. The spontaneous breaking/restoration of certain symmetries at finite temperature signals the presence of a phase transition. The QCD partition function depends on the lattice size in space (N,) Already first simulations for SU(3) indicated that the deconfinement phase transition is first order [20] . However, the critical temperature turned out not to scale according to the asymptotic scaling law 4n 2 6 1 /8n 2 6\ -5U121
This was not unexpected as Monte Carlo renormalization group studies also indicated that couplings 6/g2> 6.1 are needed in order to see the above asymptotic scaling behaviour [21] . Indeed constant critical temperatures have been found only for N~ > 10 where the critical couplings are larger than 6/gZ= 6.0 [4] [5] [6] . For these large temporal lattices a direct observation of co-existing states is difficult. As the spatial extent of these lattices is only about twice as large, i.e., N, = 2N~, metastable states are observable in a whole region of/~-values. This makes the precise location of the critical coupling difficult and to some extent dependent on the criterion used to define /3 c. How, ever, simulations of different groups seem to agree quite well [4] [5] [6] . These results are presented in are from [8, 9] 
